Overall listening experience (OLE) is an evaluation measure specific to the evaluation of audio, which aims to include all possible factors that may influence listeners' ratings of stimuli. As with quality of experience in general, OLE ratings are user dependent. Previous research has shown that listeners can be categorised by how much their OLE is influenced by content and technical audio quality respectively. In this article, we expand on this knowledge by investigating correlations between a range of human influence factors and the degree to which a listener is influenced by content and technical audio quality. This was done by means of a web-based experiment involving 58 participants from a range of backgrounds. Results show that listener type is significantly correlated with a range of psychographic variables and that the attitudinal measure 'competence' is the most suitable variable to be used as a predictor of listener type. As well as these results having direct applications such as tailoring systems and services to the needs of specific user groups, the results presented add to the understanding of how human factors can influence quality of experience in general.
Introduction
Subjective evaluation is a fundamental process in the advancement of multimedia services and systems, not least in the context of audio technology. In order to evaluate such technology in an ecologically valid manner, it is necessary to consider factors such as the type of content to be consumed with the technology, where the technology will be used and who will be using the technology. These considerations are central to the notion of quality of experience (QoE) and it can therefore be beneficial to take a quality of experience approach when evaluating audio technology.
One evaluation measure that has been introduced with the aim of evaluating audio technology with a QoE mindset is overall listening experience (OLE) [1] . This is an affective measure that is intended to include all possible factors that may influence listeners' ratings of stimuli, for example the song, lyrics, technical audio quality, the listeners mood and the reproduction system. As with QoE, by it's nature OLE is therefore user (or listener) dependent. This was highlighted in a study which showed that the relative influence of content and technical quality on OLE is very listener dependent; on the one hand some users are heavily influenced by content when making OLE judgements and, on the other hand, some users are heavily influenced by technical audio quality when making OLE judgements, with a continuum of users between [2] .
In order to tailor systems and services to the appropriate audience, it would be beneficial to know what types of listeners are using the services and systems in question. For example, if it was known that the overall listening experience of a certain user group is highly influenced by technical audio quality, it would be desirable to provide them with the best quality available. Likewise, if it was known that the overall listening experience of a different user group is highly influenced by the content, it would be less problematic if the quality was reduced. In this paper, an experimental study is presented with the aim of identifying psychographic 1 variables that significantly influence whether a listener is heavily influenced by content or quality when making OLE ratings. As well as having direct applications, such as those mentioned above, this study provides insight into how human factors can influence quality of experience in general.
Related work

Human influence factors
Quality of experience can be subject to a range of factors that influence the human experience. Such 'influence factors' (IFs) can be grouped into system, context and human influence factors and, due to the complex and interrelated nature of QoE IFs, these groups of influence factors often overlap and together have a mutual impact on QoE [4] . This mutual impact of IFs on QoE is portrayed in Fig. 1 . Of these three categories of IFs, the relationship between human influence factors (HIFs) and QoE is perhaps the least understood, due to the inherent complexity of HIFs and the lack of empirical evidence [5] . Human influence factors are defined as "any variant or invariant property or characteristic of a human user" where such characteristics "describe the demographic and socio-economic back-ground, the physical and mental constitution, or the user's emotional state" [4] .
HIFs can be categorised into those that deal with lowlevel processing and those that deal with higher-level processing. Low-level HIFs relate to the physical, emotional and mental constitution of the user whereas higher-level HIFs relate to the understanding of stimuli and the associated interpretative and evaluative processes [6] . Examples of low-level HIFs include sensorial acuity, gender, age, emotions, mood and attention level, whereas examples of highlevel HIFs include knowledge, skills, previous experiences, socio-cultural background, values and motivation.
Previous studies in the field of QoE have investigated a range of these HIFs. For example, Jumisko-Pyykkö and Hakkinen [7] investigated the impact of psychographic variables on the consumer-oriented quality assessment of mobile television. The studied variables were age, gender, education, professionalism, television consumption, experiences of different digital video qualities, and attitude towards technology. The results showed that quality evaluations were affected by almost all background factors. In a study by Wechsung et al. [8] , it was shown that attitudes and mood are related to quality perceptions, however no link was found between personality traits and perceived quality. Other studies include those looking at the influence of mood and emotions [9] [10] [11] , motivation [12] and expectations [13] [14] [15] on QoE.
With the exception of previous experiences and prior knowledge, the study of human influence factors in the field of audio evaluation is much more limited. Previous experiences and prior knowledge are typically used to distinguish between expert and 'naïve' listeners, for example in [16] . Expert listeners are used as reliable 'quality meters' who can identify small differences between stimuli, whereas naïve listeners provide results with more external validity. Quintero and Raake [17] however, investigated how factors beyond the level of prior knowledge of users affects perception of quality in the context of speech quality evaluation. Users were classified into six groups according to their demographic characteristics, their attitude towards adopting new technologies and socio-economic information. Significantly different quality ratings between these groups were found. Other studies include those looking at the influence of cultural backgrounds on timbre preferences [18] , the influence of listeners' experience, age, and culture on headphone sound quality preferences [19] and various studies looking at the impact of language on quality perception of speech [20, 21] .
In the study presented here we build on this previous work by investigating the influence of a range of human influence factors, both low-and high-level, on the impact of technical audio quality on the overall listening experience.
Overall listening experience
Overall listening experience is an affective measure recently used and defined by Schoeffler and Herre [1] that is inspired Fig. 1 Factors influencing QoE can be grouped into system, context and human influence factors. As represented in the figure, these groups of influence factors often overlap and together have a mutual impact on QoE. Adapted from [5] by the notion of QoE. The term is used to describe the degree of enjoyment whilst listening to audio, i.e. it is QoE defined specifically for the case of audio consumption. OLE and QoE are comparable in the sense that they both intend to take into account all possible factors that may influence a user's enjoyment. For both OLE and QoE these factors could include system influence factors such as the reproduction system, human influence factors such as mood, and context influence factors such as the listening environment. Whereas QoE is a concept that is applicable to a range of research areas, OLE is a specific application of QoE for the field of audio evaluation.
To assess OLE, participants are asked to rate stimuli on a five-star Likert scale taking everything into consideration that is important to them (e.g. quality, content etc.). Ratings are first given for reference conditions (i.e. unprocessed stimuli) and these act as a measure of how much participants like each song without taking any processing into account. These 'basic item ratings' are given through a multi-stimulus procedure so as to reduce floor and ceiling effects [22] . Secondly, the conditions to be tested (e.g. different reproduction methods) are rated and these are known as 'item ratings'. These are given through a single-stimulus procedure as such an approach is more representative of real-world listening scenarios [22] . Although the method combines both multiand single-stimulus aspects, it has been shown that OLE ratings retrieved from a multi-stimulus procedure are consistent with those retrieved from a single-stimulus procedure and are thus comparable. With the basic item ratings and item ratings it is then possible to evaluate how much the different conditions influence the overall listening experience as well as evaluating to what extent listeners' ratings are influenced by the content and processing conditions respectively.
OLE has been used in a range of previous studies including investigations on the influence of timbral audio quality on OLE [23] , the influence of up-/down-mixes on OLE [24] , the influence of single-/multi-channel systems on OLE [25] and for the evaluation of 3D audio systems [26] . Furthermore, comparisons between OLE and basic audio quality have been made [27] in which it was seen that OLE can produce comparable results to basic audio quality.
As mentioned in the introduction, previous work has also highlighted the user dependent nature of OLE [2] . It was shown that for some listeners OLE is highly dependent upon technical audio quality, whereas for others, OLE is highly dependent upon content, with a continuum of listeners between. To study listener type, Schoeffler and Herre [2] suggest the approach of using correlation analysis, specifically Kendall rank correlation coefficients (Kendall's ), in relation to given OLE ratings. In short, to determine how much the content influences each participant's OLE ratings, the correlation between their item ratings and basic item ratings is calculated. To determine how much the technical audio quality influences each participant's OLE ratings, the correlation between their item ratings and the various quality levels under study is calculated. Each listener is therefore described by a pair of correlation coefficients describing to what extent they are influenced by content and technical audio quality respectively. To date, factors that relate to, and can therefore be used to predict, listener type have not been studied or discussed in the literature. In this study, we build on this previous work by using the above approach in conjunction with a questionnaire in order to identify psychographic variables that significantly influence listener type.
Experimental procedure
This experiment was conducted as a web-based study. This was seen as appropriate as a large number of participants were required from a range of backgrounds and, furthermore, the differences between stimuli were not so small as to necessitate strict laboratory reproduction conditions. Moreover, a web-based approach leads to a higher external validity, which is an important consideration when evaluating quality of experience; participants listened to the content in a situation typical of their normal listening environment and with the technology that they would typically use.
The study was split into three sections-an online questionnaire to collect psychographic data and two online listening sessions. These are described in more detail in the following sections. It should be noted that a secondary aim of this experiment was to investigate the influence of binaural audio on OLE. Results concerning this objective have previously been published and, as such, segments of this chapter and the results chapter can also be found in [28] .
Psychographic data collection
The psychographic data were collected by means of an online questionnaire, the overall form of which was inspired by [7] . The data collected can be roughly categorised into groups relating to demographics, experience and attitudes towards audio technology. Additionally, name and email were collected during each session for identification purposes.
Demographics
Data collected relating to demographics includes gender, age group, level of education (British system) and self-reported hearing normality. 
Experience
To assess experience in the field of audio technology and specific experience relating to headphone usage and binaural audio experience, the following four questions were used.
• Select the statement that best describes the role of audio technology in your work and hobbies:
-I study or work mainly in the field of audio technology -My work or hobbies involve some knowledge of audio technology -My work or hobbies are not related to audio technology
• Select the statement that best describes your headphone listening habits:
-I listen to audio over headphones most days -I often listen to audio over headphones -I rarely listen to audio over headphones -I never listen to audio over headphones 
Attitudes towards audio technology
A combination of two previously reported questionnaires was used to measure attitudes towards audio technology. The first of these, The Domain Specific Innovativeness (DSI) scale [29] , has previously been used in a range of fields to measure consumer innovativeness, including studies related to quality assessment of mobile television [7] . In addition to this scale, parts of a questionnaire designed to measure technical affinity, known as the TA-EG [30] , were used to measure competence and enthusiasm. This questionnaire was originally designed for use with German speakers and was therefore translated for this study. These claims were presented in a continuous list without the headings shown above. Participants were instructed to 'rate your attitude towards audio technology with the following statements' with ratings being made on a five-point Likert scale ranging from 'strongly disagree' to 'strongly agree'. The statements in italic type are negatively phrased and the corresponding scores must therefore be reversed for analysis.
Procedure of listening sessions
As mentioned previously, the evaluation measure used in this study is OLE. To assess OLE, participants are asked to rate stimuli on a five-star Likert scale taking everything into consideration that is important to them. Ratings are first given for reference conditions and these act as a measure of how much participants like each song without taking any processing into account. These ratings are known as 'basic item ratings' (BIRs). Secondly, the conditions to be tested are rated and these are known as 'item ratings' (IRs). The listening sessions were conducted online by means of the software webMUSHRA [31] . Each participant completed two listening sessions with a duration of approximately 15-20 min each. These were separated by a break of at least one week so as to prevent over familiarisation of the stimuli which could lead to annoyance and bias in the ratings. Each listening session included an introduction page, a familiarisation page, a multiple stimuli BIR page and 20 single stimulus IR pages. Both of the two sessions were identical apart from the stimuli used in the single stimulus ratings.
On the introduction page participants were welcomed and asked to ensure that they were in a quiet space with headphones plugged into their device. The following instructions were given about the task to be completed:
In this experiment you will listen to various excerpts of music. For each excerpt you will be asked to rate your overall listening experience on a simple scale. In particular, you will be asked "How much do you enjoy listening to the following music item(s)" with possible answers ranging from "not at all" to "very much". When making your ratings you should take everything into account that you would normally in a real world scenario (e.g. your taste in music, the audio quality etc.).
It should be noted that here the term 'overall listening experience' is expressed as a rating of 'enjoyment', as in previous implementations of the OLE method. This follows the assumption that for music consumption the overall experience can be represented by 'enjoyment' alone. Considering the definition of QoE [5] (based on [4] ), which refers to the fulfilment of expectations and needs with respect to 'utility and/or enjoyment', this assumption is sensible as utility in this context is not relevant. For further discussions on the choice of question when assessing OLE please refer to Schoeffler [22] (pp. [35] [36] [37] [38] [39] [40] [41] [42] .
After the introduction, a familiarisation page allowed participants to play and rate four stimuli in order to adjust the volume of their device to a comfortable level and to practice using the interface. It was stated that once adjusted, the volume should not be changed during the remainder of the experiment. The four stimuli included one of each quality condition (as discussed in the following section) and were not used in the main rating pages. As with all of the rating pages, the order of the stimuli on the page was randomised. Ratings were made on a five-star Likert scale with labels of 'not at all', 'not a lot', 'neutral', 'quite' and 'very much', see Fig. 2 . Before making a rating of an item, participants were required to listen to the item completely and before moving on to the next page, all items had to be rated. After the familiarisation page, participants made ratings of all of the stereo stimuli (ten items in total) presented on a single page. These ratings are the BIRs. Following this, single stimulus ratings were made for 20 stimuli which consisted of each content item at two quality levels. Moreover, each quality level appeared the same number of times in each session. Over the two sessions, participants therefore rated all stimuli (ten items by four conditions) by the single stimulus method. These ratings are the IRs. The allocation of stimuli to sessions was predetermined. To ensure that all combinations of quality levels for each content item were included, six configurations were needed and the assignment of these to participants was balanced. 
Stimuli
Ten music items were used for the main rating sessions with an additional four being used for familiarisation pages, see Table 1 . These spanned a range of genres and suitable phrases were selected that ranged in duration from 16-25 s (mean 21.9 s). The main selection criterion for these items was that they were available in formats that were suitable for the generation of binaural versions (due to the secondary objective of the experiment), i.e. captured with appropriate microphone techniques for the live classical and jazz performances and available as multitrack recordings for the popular items. Further criteria were that they were relatively broadband in nature, had a relatively wide stereo image and would elicit a range of preferences. For each item four conditions were created: stereo, mono, 3.5 kHz low-pass filtered and binaural. All items were available as stereo mixes and these were used as the basis for the creation of the degraded mono and 3.5 kHz low-pass conditions. The mono items were created by passively downmixing the stereo items in accordance with ITU-R BS.775 [32] . The 3.5 kHz low-passed items were generated with a 5th-order Butterworth filter. A professional sound engineer experienced in mixing spatial audio assisted in the generation of the binaural items. More details on the production of these binaural items are presented in [28] .
All stimuli had a 250 ms fade-in and fade-out applied and were presented as 44.1 kHz/16 bit WAV files. Additionally, a two-stage loudness alignment process was conducted to equalise the loudness of all stimuli. The first stage involved aligning all stereo items to a target loudness of − 18 LUFS in accordance with [33] . A target loudness of − 18 LUFS was chosen as such a level is more appropriate for mobile devices than the more typical − 23 LUFS [34] . Secondly, the remaining conditions for each item were aligned to the loudness of the stereo condition using the Glasberg and Moore loudness model applicable to time-varying sounds [35] . For each item, loudness values for each stereo channel were calculated individually and then these two values were averaged to produce a single loudness value. Furthermore, the model was applied without an outer ear transfer function stage as the stimuli were to be presented over headphones.
Participants
Participants were recruited through a variety of institutional mailing lists, social media, forums and participant recruitment websites, the aim being to recruit participants from a range of backgrounds. In total, 58 participants completed all three sessions of the experiment. 45 participants with valid email addresses completed the online questionnaire but did not complete either of the listening sessions and seven participants completed the first listening session but did not complete the second listening session. This resulted in a total attrition rate of 47%. It should be mentioned that this is a higher attrition rate than one might find in laboratory experiments. High attrition rates in web-based studies have previously been reported and discussed elsewhere [36] .
Results
Participant reliability
Suitability and reliability of participants was assessed by several means. Firstly, two participants self-reported that they did not have normal hearing and were therefore excluded from the analysis. In both listening sessions participants made basic item ratings of all ten stereo items. To assess participant reliability it was therefore possible to calculate the mean rating difference between the basic item ratings in each session. The mean BIR difference between the two sessions was 1.05, i.e. approximately one star on the rating scale, and the distribution around the mean was normal. Two participants were seen to have a BIR mean difference outside of 1.5 × the interquartile range, however, as these two outliers were close to the boundary of 1.5 × IQR (within 0.2 rating stars), it was decided that it was not necessary to exclude these participants from further analysis. Finally, the distribution of each participants' BIRs were checked in order to identify participants who may skew the results. Participants with a mode BIR at the extremes of the rating scale (i.e. those who chose 'not at all' or 'very much' most frequently) would potentially be limited in expressing improvements or deterioration due to the processing in comparison to their BIRs, i.e. floor and ceiling effects, as further discussed in [27] . It could therefore be expected that by including such participants, the difference in OLE ratings with respect to the different quality levels would be reduced and also that any correlations relating item ratings to quality levels would be weakened. Eight participants (14% of the 56 participants assessed) had a mode BIR of either 'not at all' or 'very much' and were therefore excluded from further analysis. The relatively high number of participants excluded at this stage is likely a result of the split in content between classical and jazz items and more contemporary items, coupled with the wide range of backgrounds of the participants. An alternative approach to excluding participants would be to individually select the items presented to each participant as in previous OLE experiments [27] , however, this requires a larger pool of items to be rated than available for this study. To summarise, a total of ten participants (17%) were excluded and therefore data from 48 participants are used in the following analysis.
Psychographic data
In this section, psychographic data from the remaining 48 participants are presented. For reference, the distribution of responses from all questions can be found in Appendix: Psychographic data. In terms of demographics, the sample was predominantly male (69%), younger than 35 (61%) and educated to a university level (73%). The age range spanned from 18-25 (nine participants) to 66 or older (two participants).
With regards to work and hobbies, the sample was equally split between those who have work and hobbies related to audio technology and those who do not. The majority of participants listen to audio over headphones either everyday or often (77%). For binaural audio listening experience, half of the sample have some experience of listening to binaural audio, 25% have no experience and 25% are not sure. It could be assumed that those who are not sure are unfamiliar with the term 'binaural' and are therefore more likely to have no experience rather than some experience. If this is the case, the sample would be equally split between those who have no experience and those who have some experience of binaural audio listening. Finally, just less than half of the sample (46%) had not participated in listening tests previously.
Normalized scores for the competence, enthusiasm and DSI scales were calculated by assigning values of 1-5 to the Likert scale responses, summing these values (including inverting values for negative questions) and normalizing by the number of questions each scale contained. This resulted in values for each participant between 0 and 1 for the three measures. Additionally, a combined 'total' measure was created by taking the mean of each participants' competence, enthusiasm and DSI values. Figure 3 shows the distribution of attitude values. It is seen that for all measures the median lies between 0.6 and 0.8, with competence having the highest median and enthusiasm the lowest. The smallest range in results is seen for competence (0.45 -1) and the largest for enthusiasm (0.2-0.96). Despite the skew to higher scores, the variation in attitudes is sufficient for the analysis presented in the following sections.
OLE analysis
As a full analysis of the OLE ratings with respect to the different processing conditions has previously been presented by Walton [28] in a paper with a narrower scope than this, the key points from the OLE analysis are summarised here. The OLE ratings were made on a five-star Likert scale and as such could either be interpreted as ordinal data (from the labels) or interval data (from the number of stars). Typically it is recommended to use non-parametric statistics and median values for ordinal data, whereas with interval data it is possible to use parametric statistics and mean values. The choice of analysis for Likert-type data is well discussed in the literature and some prominent studies such as [37] advocate the use of either non-parametric or parametric analysis. Specific to the analysis of OLE, it was shown that there are only minor differences in effect sizes and statistical significance values when comparing non-parametric and parametric methods [38] . In the analysis of the OLE data presented here, the data are predominantly regarded as ordinal and as such non-parametric statistical techniques are used.
It is useful to gain an overview of the impact of the processing conditions on OLE, as presented in Fig. 4 . When averaged over the different items it is seen that the 3.5 kHz condition has the lowest ratings followed by mono, binaural and stereo. Non-parametric Wilcoxon signed-rank tests are used to quantify the significance of the differences between these conditions and all comparisons reveal significant differences ( p < 0.05 ). The timbral degradation introduced by a 3.5 kHz low-pass filter has much more of an impact on the ratings than either the mono or binaural processing. The small difference in ratings between mono, binaural and stereo suggest that, when averaged over participant and content, spatial processing has only a small affect on OLE. When comparing the stereo and binaural conditions, it is seen that binaural processing produces significantly lower ratings than stereo ( Z = −4.8 , p < 0.001 ), although the difference in ratings is small (an average of 0.2 stars).
Additionally, the ordering of processing conditions was investigated with respect to content group and listener group. The same order was found for both live and studio groups of content, as well as for multiple groups of participants; those whose OLE ratings were significantly influenced by spatial audio quality (five participants), those whose OLE ratings were significantly influenced by total audio quality (26 participants) and the sample as a whole.
Analysis of listener type
In this section, the influence of quality and content on OLE is determined for each participant. As suggested by Schoeffler and Herre [2] , this is achieved by calculating Kendall rank correlation coefficients (Kendall's ). Kendall's is a non-parametric statistic used to measure the ordinal association between two variables and results in a value ranging from −1 to +1. A value of −1 indicates perfect disagreement between the two variables, a value of 0 indicates that the two variables are independent and a value of +1 indicates perfect agreement between the two variables.
For each participant, four Kendall's values were calculated. To measure to what extent the content influences the OLE ratings, Kendall's was calculated from each participant's basic item ratings of all 10 stereo and basic item ratings ( IR,BIR ):
where and are vectors of each participant's item ratings and basic items respectively. These vectors are sorted by item and processing and are therefore organised so that (i) and (i) are ratings corresponding to the same item. To measure to what extent the timbral quality influences OLE ratings, Kendall's was calculated from each participant's item ratings associated with the 3.5 kHz and stereo conditions, and the associated timbral quality levels ( IR,T ):
where is a vector containing the ranks of the timbral quality levels. The rank order of is defined as: 3.5 kHz < stereo. (i) therefore identifies the timbral quality level of (i) as either 3.5 kHz or stereo. To measure to what extent the where is a vector containing the ranks of the spatial quality levels. The rank order of is defined as: mono < stereo. (i) therefore identifies the spatial quality level of (i) as either mono or stereo. It should be noted that the binaural condition is not included in the calculation of IR,S . One requirement for Kendall's analysis is that there is a monotonic relationship between the two variables. As such, it was decided to exclude the binaural quality level from the analysis as this quality level was not consistently rated between the mono and stereo quality levels when considering the results on a participant by participant basis. In other words, participants' ratings would not necessarily reflect the rank order of mono < binaural < stereo, thus breaking the assumption of a monotonic relationship between and . Finally, to measure to what extent the overall quality influences OLE ratings, Kendall's was calculated from each participant's item ratings associated with the 3.5 kHz, mono and stereo conditions, and the associated quality levels ( IR,Q ):
where is a vector containing the ranks of the overall quality levels. The rank order of is defined as: 3.5 kHz < mono < stereo. (i) therefore identifies the overall quality level of (i) as either 3.5 kHz, mono or stereo. Fig. 5 Fig. 5 it is also apparent that some listeners are weakly influenced by both quality and content, represented by the data points at low values on both axes.
To estimate in what way listeners affected by timbral and spatial quality individually were also affected by overall quality, scatter plots of IR,Q . This shows that there is a greater correlation between timbral quality and overall quality compared to spatial quality and overall quality, and this is expected given the OLE ratings presented in Fig. 4 . The stronger influence of timbral quality compared to spatial quality is also coherent with previous studies such as Rumseyet al. [40] , however, a direct comparison cannot be made as total bandwidth between the timbral and spatial degradations were not matched in this study.
To assess if participants who are influenced by timbral quality are also influenced by spatial quality, IR,T versus IR,S is plotted, Fig. 7 . Pearson's correlation reveals a strong positive correlation ( r = 0.64 ) which indeed suggests that participants who are influenced by timbal quality are more likely to be influenced by spatial quality. It is apparent from Fig. 7 that only a small number of participants are significantly influenced by spatial quality (five) and all of these are also significantly influenced by timbral quality. Furthermore, there are some participants who are significantly influenced by timbral quality but have very low correlations with spatial quality. It could therefore be said that participants who are significantly influenced by spatial quality will typically be influenced by timbral quality, but this is not the case in reverse.
Interaction between psychographic variables and listener type
The interaction between the psychographic variables and the measures of listener type is now investigated. Except for gender, all of the psychographic variables are measured on an ordinal or continuous scale and as such Kendall's can be used to investigate correlations between the psychographic variables and measures of listener type ( Q , T , S and BIR ), see Table 2 . As gender is a dichotomous variable, a pointbiserial correlation is used instead. Spearman's rank correlation was also used to verify the significant correlations. It is seen that the variables age, education and headphone usage do not show any significant correlations with the measures of listener type. The remaining variables on the other hand, all show significant correlations with one measure of listener type or more. The variable competence shows the strongest correlation with the measures IR,Q and IR,T . For IR,S and IR,BIR , the strongest correlation is with gender. Care should be taken when interpreting this result however, and indeed the other gender correlations, as the sample was not equally stratified by gender. For example, with regards to work and hobbies no females answered 'I study or work mainly in the field of audio technology' compared to 12 males. It therefore cannot be assumed that it is gender itself that leads to the significant correlations seen. Excluding gender, the strongest correlation with the measures IR,S and IR,BIR is also competence. As well as the variable competence, variables total attitude (which includes competence), work/hobbies and enthusiasm all show correlations above = 0.4 for IR,Q .
To predict measures of listener type from the psychographic variables, stepwise multiple regressions were performed for (a) (b) Fig. 6 Kendall's rank correlations between item rating and the two variables timbral quality level ( IR,T ) and total quality level ( IR,Q ) (a) and the two variables spatial quality level ( IR,S ) and total quality level ( IR,Q ) (b). Each data point represents correlation values associated with one participant. Marker type indicates significant correlations ( p < 0.05 ) between item ratings and the factors indicated in the legend, as determined by the Kendall's analysis. 'Timbral', 'Quality' and 'Spatial' refer to the timbral, overall and spatial quality levels respectively Fig. 7 Kendall's rank correlations between item rating and the two variables timbral quality level ( IR,T ) and spatial quality level ( IR,S ) for each participant. Each data point represents correlation values associated with one participant. Marker type indicates significant correlations ( p < 0.05 ) between item ratings and the factors indicated in the legend, as determined by the Kendall's analysis. 'Timbral' and 'Spatial' refer to timbral and spatial quality levels respectively each measure. The independent variables in the regressions were the significant psychographic variables associated with each measure (presented in Table 2 ), excluding gender and also total attitude (due to possible multicollinearity problems with the variables that make up total attitude). The relevant assumptions related to multiple regression analysis were checked including independence of residuals, linear relationships between the dependent and independent variables, homoscedasticity, multicollinearity issues and normal distribution of residuals. 
Complementary analysis
The analyses presented thus far have been predominantly based on correlation values, as calculated to identify listener type. To support the conclusions drawn in the above sections it is beneficial to also provide analysis based on the raw item ratings. Specifically, in this section we aim to support the above conclusion that the attitudinal measure 'competence' is a significant predictor of listener type by conducting an analysis of variance on the raw item ratings. A three-way mixed ANOVA was conducted on normalized IR data with overall quality level (four levels) and content (ten levels) as within-subject factors, and competence (two levels) as a between-subject factor. Note that this is a parametric analysis and therefore the OLE ratings are considered as interval data, as discussed previously. The IR data was normalized to the BIR data by subtracting participants' BIRs from their IRs, where the BIRs are from the corresponding session. The normalized IR data therefore takes into account the degree of liking of the content and is a measure of the deviation between participants' basic item ratings and item ratings. To prepare the competence data for the ANOVA, it was necessary to transform it from continuous data to categorical data. This was achieved by dichotomising the competence scores into a low competence group (22 participants) and a high competence group (26 participants), split around the mean. Prior to analysis the assumptions underlying the mixed ANOVA were checked, namely, normality for each combination of the within-subject and between-subject factors, homogeneity of variances for each combination of the groups and sphericity. The factor combinations were largely normally distributed with predominantly homogenous variances across between-subject factors. However, Mauchly's Test of Sphericity indicated that the assumption of sphericity had been violated for the within-subject factor of overall quality level ( 2 (5) = 29.1, p < 0.001 ) and therefore a Greenhouse-Geisser correction was applied.
By studying the interaction between overall quality level and competence, it is possible to assess if the impact of overall quality on normalized item ratings (i.e. listener type) is influenced by competence. The interaction between overall quality level and competence was found to have a significant influence on the normalized item ratings [ F(2.20, 101) = 20.4, p < 0.001 ]. Furthermore, a partial etasquared value of 2 p = 0.307 indicates a large effect. Figure 9 represents this interaction graphically, by plotting normalized item ratings (averaged over content) with respect to both overall quality level and competence group. It is seen that participants in the low competence group are only mildly influenced by the overall quality level. On the other hand, participants in the high competence group are significantly 
Discussion
The aim of this study was to investigate correlations between psychographic variables and the influence of technical audio quality on overall listening experience. The first stage of this was to evaluate to what extent each participant was influenced by technical audio quality and the content when making OLE ratings. As with previous studies [2] , a negative correlation was found between the influence of quality and the influence of content on OLE ratings. Participants who are more influenced by technical audio quality are generally less influenced by content and vice versa. In previous studies labels of 'audio quality likers' and 'song likers' were used to describe this range in participants [1] . When looking at the influences of timbral audio quality and spatial audio quality on OLE, only five out of 48 participants were significantly influenced by spatial audio quality compared to 28 who were significantly influenced by timbral audio quality. All of those who were significantly influenced by spatial audio quality were significantly influenced by timbral audio quality. A strong positive correlation between the influence of timbral audio quality and the influence of spatial audio quality on OLE ratings was seen, which suggests that participants who are influenced by one aspect of quality are likely to be influenced by other aspects of quality.
Interactions between psychographic variables and listener type were studied by means of correlation and regression analysis. The psychographic variables that showed significant correlations with the influence of technical audio quality on OLE ratings included work and hobbies, binaural experience, previous listening tests, competence, enthusiasm, innovativeness and total attitude towards audio technology. To predict the influence of technical audio quality on OLE a multiple regression analysis was performed. The only psychographic variable that added significantly to the prediction was the attitudinal measure competence and indeed a strong correlation between competence and the influence of technical audio quality on OLE was seen ( R = 0.693 ). This was also supported by an analysis of variance on the raw OLE ratings. This result suggests that, out of the psychographic variables studied in this experiment, the measure competence is the most useful for predicting to what extent a listener will be influenced by degradations in technical audio quality. This measure consists of four questions and is thus a practical way to quickly assess how a participant may respond to different levels of technical audio quality. Applications of this knowledge could include adapting the technical audio quality requirements of a product or service to the potential users in a more educated way, improving quality prediction models and also using the competence questionnaire presented here for participant recruitment purposes in subjective evaluations. Typically in subjective evaluations of audio, data collected about participants includes professionalism and previous number of listening tests, however this study shows that gathering data about the attitudinal measure competence could be more worthwhile in some cases.
Additional human influence factors
Despite there being a strong correlation between competence and influence of technical audio quality on OLE, a large variance around the regression line was seen. As this experiment was limited in the number of human influence factors studied, further studies should look for additional factors that help explain some of the variance not described by the variables used in this experiment. The basic approach used in this study, in which each participant responded to a structured psychographic questionnaire before rating the stimuli in a listening session, has scope for significant extension to encompass other human influence factors. This form of pre-listening approach could be applied to any human influence factor that is reliably signalled through questionnaire responses, including prevailing effects of emotion and mood, attention level and participative motivation. However, such states are generally subject to potentially significant transient variation from a prevailing level and the reliability of the pre-listening approach may be compromised when investigating the effect of such factors. Alternative measures, perhaps using secondary techniques of observation through sensors or behavioural coding, might be useful as an alternative or supplemental source of participant state data.
It is also likely that the relative influence of content and technical audio quality on OLE is context specific, in addition to being user specific. It would therefore be worthwhile investigating how these groups of influence factors interrelate with regards to OLE. For instance, it may be the case that some participants are heavily influenced by technical audio quality in a home context, but not in a mobile listening context. A straightforward approach to scaling up the study method used in this paper, would be to implement the psychographic and rating phases for a mobile device, and conduct the study with participants in a diverse range of contexts and environments. This approach to investigating such relationships harnesses the benefits of the relative speed and simplicity of the method and, therefore, its capacity for straightforward replication.
Conclusion
In this article, the influence of human factors on overall listening experience was studied by means of a web-based experiment. Previous work had shown that the relative influence of content and technical quality on overall listening experience is very listener dependent. In this study, we expanded on this previous research by investigating correlations between such listener types and a range of psychographic variables. It was shown that listener type is significantly correlated with multiple psychographic variables and that the attitudinal measure 'competence' is the most suitable variable to be used as a predictor of listener type. As well as having direct applications such as tailoring systems and services to the needs of users, the results presented here add to the understanding of how human factors can influence quality of experience. Human factors are perhaps the least studied group of influence factors, however, their understanding is critical to providing a high quality of experience for the user. 
